. FE-SEM images from the (a) MT and (b) MI particles collected from the reaction vessel.
S5 Figure S2 . TEM images of (a) MT and (b) MI particles collected from the reaction vessel.
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Experimental Procedures

Materials
All chemicals were purchased from Sigma-Aldrich, unless otherwise indicated. 3-amino propyl triethoxysilane (APTES), Melamine (99%), terephthalaldehyde (Reagent Plus, 99%), isophthalaldehyde (97%) and dimethyl sulfoxide (anhydrous) were used for membrane fabrication. Sudan Red 7B (MW=379 Da), Solvent Green 3 (MW=418 Da), Sudan Black B (MW=456 Da) and Bromothymol Blue (MW = 624 Da), n-heptane (anhydrous) and toluene (anhydrous) were used for OSN experiments. Flat disc-shaped α-alumina membranes (having a diameter of 39 mm, a thickness of 2 mm, and a pore diameter of 80 nm) were purchased from Pervatech B.V., The Netherlands.
APTES modification of the α-alumina substrate
Prior to the APTES modification, samples were submerged in a 2 M HCl solution (40 ml) for 5 h at room temperature to activate the surface hydroxyl groups. [1] The soaked membranes were then washed several times with milliQ water to reach a neutral pH and dried in a vacuum oven at 70 °C overnight. Afterwards the activated membranes were grafted with a 4 mM solution of APTES in 50 mL of toluene at 105 °C for 3 h under an argon atmosphere. Afterwards, the APTES-modified α-alumina membranes were removed from the solution and were rinsed with toluene and ethanol and then dried in a vacuum oven at 60 °C overnight.
Preparation of the thin microporous polymer networks on the APTES-modified α-alumina substrate
The thin microporous polymer networks were prepared via the following, optimized, procedure the APTES-modified α-alumina membranes were immersed in a DMSO solution (50 ml) containing melamine (0.313 g / 2.5 mmol) and terephthaldehyde (0.5 g / 3.75 mmol) or isophthaldehyde (0.5 g / 3.75 mmol). Then the solution was heated at 180 °C for 72 h. Finally, the modified membranes were rinsed with acetone, THF and CH 2 Cl 2 for several times and dried in a vacuum oven at 70 °C.
Characterization methods and related measurement protocols
FE-SEM images were acquired to observe the morphology of membranes and powders. The gold-coated samples were places in a Nova NanoSEM 450 (Thermo Fisher Scientific) with an accelerating voltage of 10 kV. TEM analysis was carried out with JEOL JEM-2010 microscope operated at 200 kV. Fourier transforms infrared (FTIR) spectra of the different POFs particles in KBr tablets were measured using a Nicolet iS50 FTIR (Thermo Fisher Scientific Co., Madison, USA) spectrophotometer in the range of 4000-500 cm -1 . Each spectrum was captured by 128 scans at a resolution of 4 cm -1 . The thermogravimetric properties of the POF particles were determined by a thermogravimetric analyzer (TGA; Mettler Toledo, TGA/SDTA 851e). The samples were heated under a N 2 atmosphere from 25 to 850 °C at a heating rate of 10 °C min -1 . N 2 adsorption-desorption experiments were performed at 77 K for POFs particles, using a Quantachrome Autosorb 1MP apparatus. Pore size distributions were obtained using non-local density-functional theory (NLDFT) method. The NLDFT pore size distributions were obtained using a NLDFT approach implemented within the demo version of SAIEUS software (www.nldft.com/download/) (Micromeritics, GA). [2] The standard slit-pore model for N 2 adsorption at 77 K on carbon was selected because it is widely used in experiments to characterize amorphous microporous materials. The L-curve method, which balances the roughness of the solution and soundness of the fit, is implemented in SAIEUS when choosing λ as a user-adjustable parameter. λ = 0 selected for the calculation of pore size distribution. Photo-induced force microscopy (PiFM) measurements were performed using a VistaScope from Molecular Vista, Inc. Topography and PiFM images (5 x 5 µm 2 , 256 x 256 pixels) were taken in dynamic non-contact mode using NCHAu tips (Nanosensors) with a scan speed of 0.4 Hz. A Block Engineering tunable quantum cascade laser (QCL) was used as mid-IR source. Detection of the topography signal was tuned to the second mechanical mode, while the IR signal detection was tuned to the first mechanical mode of the AFM cantilever. By using independent eigenmodes for detection, simultaneous collection of topography and the PiFM signal was realized. Near-field infrared spectroscopy measurements were performed with an approximate lateral resolution of 10 nm and probing depth of 30 nm. [3] 30× averaged infrared point spectra were within the AFM topography images (indicated by markers). AFM-IR spectra were taken in the 1970-775 cm -1 range with a resolution of 2 cm -1 and a spectrum acquisition time of 750 ms. All spectral data was corrected for the laser source power profile. To this end, the laser power profile was measured in IR direct detection mode at 200 µm above the surface. AFM-IR images were analyzed using Gwyddion software, spectral data was analyzed using Surface Works software.
OSN experiment
Membrane performance was tested in a typical stainless steel dead-end pressure cell at a transmembrane pressure (TMP) of 6 bar at room temperature. The system is pressurized using inert argon. The effective area of each membrane was 8.9 cm 2 and at least three independently prepared membranes of each type were investigated. Prior to each experiment, the membranes were preconditioned with the organic solvent for 12 h.The reported results are the mean values of these measurements. The model solutions for the rejection measurement had a concentration of 20 mg L -1 Sudan Red 7B, Solvent Green 3, Sudan Black b or Bromothymol Blue in either toluene or heptane. During the filtration, the feed solution was stirred at 200 rpm using a magnet stirrer to minimize concentration polarization near the membrane surface. The membrane cell was filled with 100 ml of feed solution per membrane and 50 ml of the permeate was collected for each membrane at the permeate side (i.e., 50% recovery). After testing, the membrane was washed with the solvent used for testing and then left in ethanol for at least 24 h. Then dried in vacuum oven at 40 °C and used again for the next solvent-solute system.The membrane permeability was calculated according to Equation 1, [4] 
where J is the solvent flux [L m -2 h -1 ], ∆P is the applied pressure across the membrane [bar], V is the permeate volume [L], A is the effective membrane surface area [m 2 ] and t is the collecting permeate sample time [h]. The dye solute rejections (R) were calculated from the solutes concentration in the permeate (C p ) and initial concentration in the feed (C f ), using Equation 2: [4] = ( − ) × %
The dye concentrations at the permeate side were measured using a double beam UV-Vis spectrophotometer making use of a Shimadzu UV-1800 instrument. Representative TGA curves of MT and MI particles show that although they have the same weight loss at 800 °C, the MT particles showed faster weight loss after 150 °C. As, we discussed in the main text, the chance of hydrogen bonding between the NH 2 groups of the melamine reacted with isophthaldehyde is higher than terephthaldehyde and this resulted in more compact structure with narrower pores. Thus, the MI particles showed lower rate of weight loss between 150 to ~ 650 °C. The presence of the characteristic peaks corresponding to the quadrant and semicircle stretching of the triazine ring at 1548 and 1478 cm -1 , respectively, confirms the successful incorporation of melamine into the POF structure via the aminal linkage as no feature band for the imine group at ~ 1600 cm -1 is observed. The band at 3419 cm -1 is attributed to the stretching vibration of N-H. The POFs particles showed excellent solvent stability no changes observed in the characteristic bands even after 4 weeks of soaking in toluene and n-heptane. 
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